We report concentrations of platinum group elements (PGE: Os, Ir, Ru, Rh, Pt and Pd) for picrite-basalt lavas of the Emeishan large igneous province, SW China. The absolute concentrations of Os in most of the Emeishan picrites are higher than in picrites from ocean islands and other continental flood basalt provinces, and in estimated primitive mantle. A roughly positive correlation between MgO and Cr and Ni, and no overall correlation of Os or Ir with MgO, show that no Cu-Ni sulfide fractionated during differentiation but rather that olivine and chromite fractionated, implying that the initial picritic magma was sulfide-undersaturated. In addition, Os/Ir ratios are unusually high, suggesting that the picritic magmas may have been contaminated by black shales. Modeling shows that a 7% partial melt of primitive mantle containing 0.01 wt% of sulfides can account for the observed Os, Ir and Ru concentrations in the most primitive picrite if the melt is contaminated by 10 wt% of black shale en route to the surface.
INTRODUCTION
In recent years, interest in the geochemistry of platinum group elements (PGEs) has increased considerably. This is because, as highly siderophilic and mostly compatible elements, PGEs provide complementary information about the Earth's accretion, core-mantle differentition, mantle evolution and magma genesis to that which can be derived from lithophilic incompatible elements (e.g., Brandon et al., 1998 Brandon et al., , 1999 Puchtel and Humayun, 2000; Rehkämper et al., 1997; Righter et al., 2000) . The behavior of PGE during partial melting and crystal fractionation can be studied from PGE compositions of mantle-derived lavas such as basalts and picrites. However, the PGE abundances of the mantle are difficult to infer from basalts, because PGE abundances in basalts are drastically reduced, and interelement ratios modified, by extensive PGE fractionation in sulfide-saturated magmas (e.g., Rehkämper et al., 1999a, b) . In contrast, highly magnesian, near-primitive picritic lavas have been used to infer the siderophile element content of the mantle (e.g., Brugmann et al., 1987; Puchtel and Humayun, 2000) . This is possible because of the specific conditions of picrite eastern margin of the Tibetan Plateau to the western margin of the Yangtze Block in southwestern China (Fig. 1) . The geological setting and occurrence of the Emeishan basalts have been discussed by several researchers (e.g., Chung and Jahn, 1995; Xu et al., 2001; Lo et al., 2002) , and we present only a summary here. Magmatism appears to be associated with Late Permian rifting of the Qiangtang terrane from the Yangtze block. The flood basalts were subsequently uplifted, deformed and segmented by block faulting during the closure of the Tethys Ocean in the Jurassic (Chung et al., 1998) . The region was reworked further during the collision between the Indian and Eurasian continents (Leloup et al., 2001) .
The basement of the western Yangtze Block consists of Lower Proterozoic metamorphic rocks. Beginning in the Middle Proterozoic, a thick sequence (>9 km) of clastic (including black shale), carbonate, and meta-volcanic rocks began to form in response to an extensive transgression and basement subsidence (Wu, 1988) . Subsequently, rapid uplift took place shortly before the volcanism that formed the ELIP. The ELIP volcanic succession unconformably overlies Lower Permian rocks, mainly carbonates and clastics. Beginning in the Late Triassic, coal-bearing clastics and sediments formed in several basins atop the ELIP.
The main volcanic outcrops cover a rhombic-shaped area of 250,000 km 2 and consist of flood basalts together with lesser volumes of picrites and pyroclastic rocks. Thick flows and tuffs of trachytic and rhyolitic composition are abundant in the upper part of the sequence. Although generally much-reduced by erosion, the lavas average 705 m in thickness and locally reach 5000 m in the western part of the province. The total eruptive volume is estimated to be between 0.3 and 0.5 × 10 6 km 3 (Yin et al., 1992; Jin and Shang, 2000) ; however, given the large amount of erosion, and by comparison with the other continental flood basalts, this amount may represent less than 50% of the total volume of magma emplaced. The lava successions rest unconformably on the Early Permian Maokou Formation, composed chiefly of marine limestones, and are directly overlain by Late Permian and locally Early Triassic marine strata. A series of layered basic and ultrabasic intrusions, which are associated with large V-Ti-Fe ore deposits and Cu-Ni-(PGE) ore deposits, are exposed in the central part of the province, apparently underlying the lava pile. These intrusions may represent shallow crustal magma chamber systems that fed the eruptions. The precise age of the ELIP has not yet been determined. Lo et al. (2002) concluded from 40 Ar-39 Ar dating that the main phase of flood magmatism occurred at 251-253 Ma, whereas Zhou et al. (2002) obtained U-Pb zircon ages of 256-259 Ma for one of the layered intrusions hosting V-Ti-Fe ores.
GEOLOGY AND PETROGRAPHY OF SAMPLES
Picrites that we discovered recently are located in sections in the southern (Shiman) and northern (Daju) portions of Lijiang county, Yunnan province; the two sections are about 26 km apart. The geological characteristics of the two picrite occurrences are similar. In both sections, the picritic lavas are located in the lower part of the flood basalt pile. In the Shiman section, three picritic flows are intercalated with pyroxene-phyric basaltic lavas, whereas four picritic flows occur in the lower part of the Daju section (Fig. 2) . It is possible, perhaps likely, that the Shiman section corresponds to the middle part of the much thicker Daju section. Massive aphyric basalts and amygdaloidal basalts are dominant in the middle to upper part of the Daju sequence. In the Shiman section, the lowermost and the uppermost picritic flows are 3 to 5 m thick, and the middle picritic layer is 15 to 20 m thick. In the Daju section, the lowermost picritic flow varies from 20 to 50 m in thickness, whereas the thickness of each of the other three flows is similar to those in the Shiman section. Unlike the central and eastern parts of the ELIP, where plagioclase-phyric basalts are widely exposed, plagioclase-phyric basalts are absent in the Lijiang region. Chung and Jahn, 1995) . The gray area marks the location of the stratigraphic columns in Fig. 2 .
Fig. 1. Sketch map showing outcrops of Emeishan flood basalts (black areas; simplified from
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Most of the picrites are highly porphyritic, and contain abundant forsteritic olivine phenocrysts with minor clinopyroxene and Cr-spinel. Olivine phenocrysts are generally subhedral to rounded and sometimes embayed, ranging from 0.2 to 4 mm in size; some appear partly resorbed. Strained, kink-banded crystals are absent. Olivine is generally replaced by serpentine but unaltered cores are preserved in some crystals. The unaltered portions of olivine phenocrysts usually contain scatted inclusions of glass; some enclose small, equant, euhedral to rounded, dark-brown Cr-spinel crystals, usually tens of micrometers across. Some Cr-spinel crystals are also "free" in the groundmass, which consists of finely unaltered olivine, diopside and plagioclase. Quenched olivine groundmass crystals are fresh or unaltered, and may be tiny and near-equant "hoppers" but are often elongated, up to 0.5 mm long and 0.1 mm wide, and skeletal to highly skeletal, consisting of parallel-set rods and blebs in optical continuity. Groundmass plagioclase occurs as microcrystals rather than the long platy shapes seen in the basalts, and clinopyroxene is anhedrdal.
The pyroxene-phyric basalts are also porphyritic, with diopside phenocrysts 1-6 mm across; some form glomerocrysts. Phenocrysts account for 5 to 15% of the volume of the basalts. Groundmass is fine grained with intersertal or intergranular textures, and consists of plagioclase and clinopyroxene with minor iron oxides.
The massive aphyric basalts contain a similar mineral assemblage. Clinopyroxene is the most abundant microphenocryst. The phenocrysts that are present commonly form clots, producing a cumulophyric texture. The pyroxene grains are usually small, generally tens of micrometers across. The groundmass comprises plagioclase laths with interstitial sub-ophitic pale-brown clinopyroxene and minor anhedral magnetite.
The major element and trace element characteristics of this suite of lavas, as well as olivine compositions (up to Fo 91.6), have been presented by and . On the basis of olivinemelt equilibrium, concluded that picritic rocks with MgO of about 22 wt% (SM-15) represent parental melts derived from mantle, whereas some samples with ~25 wt% MgO (DJ-31 and DJ-34-1) formed through the accumulation of olivine that had crystallized from less magnesian liquids, and that these primitive melts had liquidus temperature of 1600°C . However, picritic rocks with about 25 wt% MgO (samples DJ-31 and DJ-34-1) may have excess olivine, and those with about 16 wt% MgO (sample DJ-26) have fractionated some olivine.
SAMPLE PREPARATION AND ANALYTICAL PROCEDURES
Twelve samples of picrites and basalts were chosen for PGE analyses. These samples were the least altered available and were chosen on the basis of the following criteria: (1) macroscopic observation; (2) thin-section examination; (3) relative density and hardness. All original surfaces were removed from each of the samples with a water-cooled rock saw and the interior portion was cut into a slab. All sawn surfaces were then removed using a diamond lap wheel. Each lapped slab was cleaned in deionized water in an ultrasonic bath for about 15 minutes, and dried under a heat lamp. The slab was placed inside a plastic bag, sealed with duct tape, and struck with a duct-tape-covered hammer to reduce the sample to small chips. About 100-200 g of chips was ground into powder in a pre-cleaned alumina mortar. About 10 g of each sample powder was split for PGE analyses.
Analyses were carried out at the low-level PGE facility of the Chinese Academy of Geological Sciences. PGE were separated by a NiS-fire assay and Te-coprecipitation method adapted from Jackson et al. (1990) and Sun et al. (1993) . Ten grams of sample powder were mixed with 2 g of Ni 2 O 3 (purified before use), 1.25 g of S, 15 g of Na 2 CO 3 , 20 g of Na 2 B 4 O 7 , 1 g of SiO 2 and 1 g of flour in a clay crucible (Flour is the propose to reduce the metal oxides to metal or alloy, and also used to reduce the high Zhang and Li (1998) . Sample location: Qingyin section, central ELIP. **Calculated based on the data of Li and Gao (2000) , and Chen and Xia (2003) . Uncertainties of Os/Ir ratios are calculated from the analytical uncertainties.
valence oxides to low valence in order to make slag with SiO 2 more easily). An Os 190 spike (from Oak Ridge National Laboratory) which was kept in the alkaline medium before adding into the samples was then added. Under the reducing conditions, spike and PGEs isotopically equilibrate within immiscible NiS melt (Ravizza and Pyle, 1997) . The mixture was baked at 1200°C for 1.5 hours in a fire-clay crucible to produce a NiS button as described by Ravizza and Pyle (1997) . The NiS button was then crushed and dissolved in HCl and the PGE were collected by Te coprecipitation. After filtration, the precipitate was dissolved in 1 ml of aqua regia in a sealed Teflon vessel at 100°C for 1 h. The solution was then diluted to 10 ml with H 2 O for measurement by inductively coupled plasma-mass spectrometry (ICP-MS) on a TJA PQ-EXCELL instrument. Os was determined by merely introducing the solution after dissolving the NiS buttons into ICP-MS.
192 Os/ 190 Os ratios are employed to calculate the concentration. The detailed ID-ICP-MS procedure for Os was described by Qu (2001) and Du (2004) . The total procedural blanks were less than 0.3 ng/g for Ru, Ir, Pd and Os, and 0.06 ng/g for Pt and Rh. For the method of NiS-fire-assay, the high procedural blank is dominantly from the flux, but it is also relatively stable (we have tested it several times before). Consequently, for all samples, it can be used to deduct the same value of blank for each of the corresponding elements. All PGE concentrations listed in Table 1 are the determined values deducted the total procedure blanks. The results of analysis of reference material GPT-4 are consistent with the certified values (Table 1) . To evaluate overall reproducibility of the sample preparation process and instrumental measurement, analyses of two samples, one basalt (sample DJ-36) and one picrite (sample DJ-26), were replicated for all PGE (see Table 1 ). Concentrations of PGE in the replicate analyses are within 3.8-31.9% of those in the first analysis for the picrites, i.e., 17.7% for Os, 31.9% for Ir, 18.9% for Ru, 15.7% for Rh, 3.8% for Pt and 11.9 for Pd.
RESULTS
The PGE data for the picrites and basalts are listed in Table 1 Zhang and Li, 1998) . The PGE abundances of the picrites vary from 0.8 to 2.1 times the estimated primitive mantle (PM) value for Os, 0.22 to 0.57 times PM for Ir, 0.26 to 0.56 times PM for Ru, 0.07 to 0.42 times PM for Rh, 0.45 to 2.07 times PM for Pt, and 0.47 to 1.81 times PM for Pd (Fig. 5) . In addition, the picrites are characterized by high Os/Ir ratios, ranging from 2.84 to 3.88. Even if we consider the uncertainties of Os/Ir ratios Table 1), which are calculated from the analytical uncertainties, the Os/Ir ratios are still considerably high (>2.5). They are much higher than those of chondrites, estimated primitive mantle, or lherzolites (e.g., Ronda, Spain, Lorand et al., 2000) and komatiite from other areas (Puchtel and Humayun, 2000) .
Concentrations of Os at a given MgO for the ELIP picrites tend to be higher than those for picrites with similar MgO content from ocean islands (e.g., Hauri et al., 1996; Lassiter and Hauri, 1998) and other continental flood basalt provinces (e.g., Ellam et al., 1992; Brooks et al., 1999; Schaefer et al., 2000) (Fig. 4) . To our knowledge, only picritic basalts from the Siberian Traps (Horan et al., 1995) and komatiitic lavas from Munro Township (Walker et al., 1988) and Gorgona Island (Walker et al., 1991) have comparable Os concentrations at similar MgO contents. Figure 5 shows PGE, Ni and Cr abundances plotted (Anders and Grevesse, 1989) as proposed by Bennett et al. (2000) .
against MgO. Note that Cr and Ni exhibit a roughly positive correlation with MgO whereas Os and Ir exhibit no overall correlation with MgO, suggesting no Cu-Ni sulfide fractionated during differentiation but rather olivine and chromite fractionated.
DISCUSSION

PGE fractionation during magmatic differentiation
It is necessary to evaluate the effects of crystal fractionation before we can attempt to estimate the PGE composition of the mantle source or other influences (i.e., like contamination of magmas) on the PGE in the ELIP picrites. Previous studies have shown that the host minerals of PGE in the mantle are most likely not silicates, but sulfides and PGE alloys (e.g., Hart and Ravizza, 1996; Humayun, 1998; Burton et al., 1999; Handler and Bennett, 1999; Rehkämper et al., 1999a; Lorand and Alard, 2001 ). The Ni-Cu sulfide melt-silicate partition coefficients (D) for PGE determined experimentally are on the order of 10 4 (Peach et al., 1990; Fleet et al., 1996) , suggesting that Ni-Cu sulfide fractionation is the main cause for PGE depletion in basaltic magmas during differentiation. However, because olivine and chromite are the main phases that fractionate during early differentiation of basaltic magmas, it has commonly been assumed that these phases control PGE fractionation in basalts and, by analogy, in picrites (e.g., Barnes and Picard, 1993) . The available PGE data for olivine and chromite are quite ambiguous. Brugmann et al. (1987) estimated a bulk D Os of ~1.8 for olivine, and similar results were reported by Barnes and Picard (1993) and Crocket and MacRae (1986) . This re- Schaefer et al., 2000 , and references therein) for several major hotspots and flood basalt provinces.
Fig. 4. Os concentration vs. MgO for ELIP samples (dots), and fields of data (from
Fig. 5. Siderophile element variation diagrams for the ELIP basalts and picrites.
Platinum group elements in the Emeishan large igneous province 377 sult contrasts with direct measurements of Os concentrations in komatiitic and picritic olivines (e.g., Walker et al., 1997 , which indicate that Os is incompatible in olivine. Chromite is usually substantially enriched in Os and depleted in Pd and Pt relative to the melt from which it crystallized (Rehkämper et al., 1999b) . Therefore, it is possible that chromite, under some circumstances (e.g., when the amount of the fractionating phase exceeds 1 to 2%), may cause Os and possibly Ir and Ru depletion and fractionation of Os from Pd or Pt during differentiation of basaltic magmas, although it is not clear if the Os, Ir and Ru are incorporated into the spinel crystal lattice or are carried by accessory minerals that are commonly included in chromite (e.g., sulfide or Os-Ir alloy).
In Fig. 5 , a roughly positive correlation between MgO and Cr and Ni suggests that olivine and chromite were important in the fractionating assemblage. However, there is no overall correlation of Os, Ir and other PGEs with MgO, suggesting that no significant amount of Cu-Ni sulfide fractionated during fractionation of olivine and chromite, and that the initial picrite magma was sulfideunsaturated and remained so during the early stages (i.e., olivine and chromite) of fractionation.
One sample with excess olivine, DJ-31 with 24.9 wt% MgO, is substantially enriched in Os and Ir compared to the postulated primary magma (with about 22 wt% MgO; see above), and this enrichment is not accompanied by enrichments in either Pt-Pd or Ni-Cr. This enrichment could be attributed to the presence of tiny Os-Ir nuggets as an additional cumulus phase in the picrite. However, as this enrichment was only found in one cumulus-enriched picrite, fractionation of Os-Ir nuggets appears to have been rare.
PGE characteristics as features of the Emeishan mantle source
The Emeishan picrites are characterized by Os abundances much higher than the estimated primitive mantle value of 3.8 ppb (Table 1, Fig. 4) . Schaefer et al. (2000) proposed that high Os concentrations in some picritic basalts from West Greenland (Fig. 5 ) may reflect an absence of residual sulfide owing to high (>20%) amounts of partial melting. As the Emeishan picrites are relatively low-degree partial melts , the high Os concentrations in the ELIP picrites cannot be explained by the mechanism proposed by Schaefer et al. (2000) . An alternative interpretation invokes a small contribution in the mantle source of Os derived from the outer core (e.g., Snow and Schmidt, 1998; Snow et al., 2000) , and indeed would be required if core-derived materials were detectable in the lavas through their 186 Os-187 Os characteristics (e.g., Brandon et al., 1998) . In addition, high Os concentration also may result from fractional crystallization. reported that the Mg-rich olivines with mg-number >90 in the Emeishan picrites contain 0.22-0.39 wt% CaO. This characteristic indicates that the Mg-rich olivines crystallized from melt and are not mantle xenocrysts, which have very low contents of Ca (and Cr) (e.g., Gurenko et al., 1996; Thompson and Gibson, 2000) . Picritic rocks can arise in a variety of ways; for example, as primitive picritic liquids that are little-modified melts of upper-mantle peridotite, or by accumulation of early formed olivine from such primary picritic liquids, or by accumulation of olivine from basaltic magmas. Under equilibrium conditions, olivine compositions will reflect the composition of the magma from which they crystallize; thus the composition of olivine phenocrysts in picrites is a valuable clue to estimate parental magma composition (e.g., Larsen and Pedersen, 2000; Green et al., 2001) . In Fig. 6 , olivine compositions are plotted as a function of whole-rock MgO content. The most magnesian olivine, from sample SM-15, contains 91.6% forsterite and plots close to the 12.3 wt% FeO curve, indicating that the MgO content of the liquid was ~22 wt%. Therefore, this sample approximates the composition of a parental magma, whereas some other picritic rocks (samples DJ-31 and DJ-34-1) were formed through the accumulation of olivine that had crystallized from less magnesian liquids. Consequently, we take sample SM-15 to represent the PGE content of the primary piciritic melt.
Recent studies show that some high-PGE samples, such as peridotite xenoliths, cumulate dunite and chromitite ore from the mantle and/or crust-mantle transition zone, may result from a concentration process that enriches particular elements (e.g., Ahmed and Arai, 2002; Schmidt et al., 2003) . However, all high-Os picrite samples from the ELIP have ε Nd > 0 (+2.6 to +4.1; Zhang et (Roeder and Emslie, 1970). al., 2004) , which suggests that they may have been derived from the convecting mantle. Although a lithospheric mantle source is not necessarily ruled out by these positive (Nd values, the continental crust-mantle transition zone appears an unlikely source region . Moreover, sample SM-15 has not undergone any appreciable magmatic differentiation. Consequently, the possibility that the high PGE concentrations are related to a concentration process in the lithospheric mantle or crust-mantle transition zone is highly unlikely.
As mentioned above, the very high Os/Ir ratios (2.84 to 3.88) of the Emeishan picrites seem to be a feature peculiar to these rocks. Because of the similar partiton coefficients of Os and Ir in the mantle, and the expectation that Os/Ir in the outer core is similar to Os/Ir in the mantle, high Os/Ir values cannot be attributed to the addition of outer core material to a mantle source. There are three possible reasons for elevated Os/Ir ratios. The first possibility is that Os concentrations in some of the picrites may have increased since eruption through the radiogenic ingrowth of 187 Os via the decay of 187 Re. This effect can be observed in some basalts and other rocks with high 187 Os/ 188 Os and high Re/Os. Although we have neither Os isotopic composition nor Re concentration for the picrites, this explanation is unlikely because picrites in general tend to have low Re/Os compared to basalts and, given typical Re/Os values in the picrites, 250 Myr is not enough to markedly increase the total Os concentration by addition of 187 Os. Hence, this possibility can be excluded. The second possibility of high Os/Ir is interpreted in terms of mobilization of Os by late magmatic fluids (Lorand et al., 2000) , as exhibited in Ronda lherzolites (Lorand and Alard, 2001 ). However, the Os/Ir of the ELIP picrites are much higher than those at Ronda (~1.37). Thus, the high Os/Ir cannot be ascribed to the effects of late magmatic fluids. The third possibility is that some picritic magmas were contaminated by trace metal-rich black shales, which typically exhibit superchondritic Os/Ir ratios (Ravizza and Pyle, 1997) . The previous studies have shown that black shales are generally characterized by high total organic carbon and total sulfur contents as well as by high Os concentrations, extremely high Re/Os (e.g., Hannigan and Peucker, 1998; Pierson et al., 2000; Jaffe et al., 2002; Lipinski et al., 2003) , and high Re and Os concentrations can be attributed to high organic carbon in black shales (Jaffe et al., 2002) . Thus, the extremely high Re/Os ratios resulted in the very radiogenic Os isotopic composition leading to superchondritic Os/Ir ratios over time. In the Yangtze block, the Middle Proterozoic and Lower Cambrian strata contain 30-to 50-m-thick black shales, the outcrop area of which is much larger than that of the ELIP. Several workers have determined the PGE concentrations of these black shales; as with other black shales, they are characterized by high Os/Ir ratios and high concentrations of Os and Re (40-420 ng/g) (Li and Gao, 2000; Xing et al., 2002; Chen and Xia, 2003) . We have calculated the average Os/Ir value of these shales from a large number of data; it is 16.9, much higher than in any of the picrites, which have values <3.9.
To estimate the possible roles of (a) mantle with primitive-mantle (PM) PGE characteristics, (b) black shale in determining the PGE characteristics of the Emeishan picrites, we explore a simple batch melting model here. We take sample SM-15 to represent the primary liquid composition. Unfortunately, experimentally determined bulk D values for melt extraction of PGE from the mantle are not available; nor are the PGE host phases in the mantle well known. Some researchers (e.g., Barnes et al., 1985; Barnes and Picard, 1993; Rehkämper et al., 1999b) have assumed that PGE reside principally in sulfides (Os, Ir, Ru, Pt, Pd) and/or in alloys (Os, Ir, Ru) , and that the relative proportions of these phases involved in melting can be used to describe PGE behavior during melting. Here we assume that the main carrier phases of PGE in the mantle are sulfides, and that these phases are not affected by phase transformations in the pressure range of interest; that is, that D values are constant during partial melting. Modeling utilizing REE data shows that the primitive picritic melts can be derived by about 7% of partial melting of a source with PM-type REE characteristics . Hence, we use 7% as the degree of partial melting.
First, we examine the assumption that the primitive picrite SM-15 results from melting of PM containing 0.01 wt% of sulfides. Figure 7 shows that compared with sample SM-15, the model melt derived from PM has an Os Fleet et al. (1996) , and the carrier phases of PGE in the mantle are assumed to be sulfides. Table 2 . Least squares mixing for crystal accumulation or fractionation models content that is much too low. Hence, this possibility can be excluded. Next, we examine whether the PGE pattern of the primitive picrite could be produced by melting of PM (with sulfide) followed by a contaminant of 10% black shale. Pattern B in Fig. 7 shows that the Os, Ir, and Ru contents of the model melt are similar to those of sample SM-15, but the Pt and Pd contents are much too high. However, in contrast with the stable feature of Os and Ir, Pd and Pt are much mobile, easier to fractionate and thus more variable. As described previously, the picrites are more or less altered during the late hydrothermal events. Thus, Pd and Pt may be remobilized although we have no evidence for mobilization. Hence, although the model Pd and Pt concentrations are inconsistent with the observed concentrations, the model that black shales were "digested" during assent of primary magma is a plausible interpretation.
In general, assimilation of sediments would affect Pb, Nd and Sr isotope ratios. However, the effects could be small or large depending on the isotopic differences between the uncontaminated magmas and the sediments, and on the concentrations of the elements in each (Faure, 1986) . Unfortunately, no Pb, Nd or Sr isotopic data have been reported for the black shales or other sediments in the Emeishan region. Li et al. (2003) reported Os isotopic data for sulfides hosted in the Cambrian black shales, and proposed that they were derived from the Proterozoic ultramafic rocks. On the other hand, the Pb, Nd and Sr isotopic compositions of these ultramafic rocks are similar to those of the ELIP picrites and basalts (Zhong et al., 2003) . Thus, the Nd, Pb, and Sr isotopic compositions of the picrites and black shales may well be quite similar.
Finally, the co-existence of the very high-Os picrites with basalts that have normal (much lower) concentrations of Os can be explained by the remove of sulfides and PGE alloys during magma differentiation. Mass balance calculation of major elements for picrites and basalts indicate the basalts are generated from the parental melt (picritic basalt with ~12.2 wt% MgO) by crystal fractionation of olivine, clinopyroxene and plagioclase, whereas the crystal fractionation of olivine, clinopyroxene and Cr-spinel from primitive picritic melt produced the picritic basalt. The higher-MgO picrite (DJ-31) with ~24.9 wt% MgO may result from the accumulation of olivine and Cr-spinel from the same primitive picritic magma (Hao et al., 2004, Table 2 ). Giving the fact that a bulk D of PGE in olivine and clinopyroxene is so low in comparison with much higher sulfide-silicate partition coefficients, the main cause for PGE depletion in basaltic magmas during differentiation can be attributed to Ni-Cu sulfide fractionation rather than olivine and clinopyroxene fractionation. Although chromite is usually substantially enriched in Os, it is unlikely that the fractionation of chromite is the main cause for PGE depletion in basaltic magma because of low degree of fractionation.
SUMMARY AND CONCLUSIONS
1. This study of PGE systematics in picritic lavas and associated basalts of the ELIP demonstrates that the picritic lavas are characterized by high PGE concentrations whereas the basalts have much lower PGE concentrations. The absolute concentrations of Os in the ELIP picrites tend to be higher than those of picrites with similar MgO content from ocean islands and other continental flood basalts, and than in estimated PM. No Cu-Ni sulfide fractionated during the early stages of differentiation, but olivine and chromite did, implying that the initial picritic magma was sulfide-undersaturated, and remained so during olivine and chromite fractionation.
2. The unusually high Os/Ir ratios of the picrites contrast with values in other flood basalts and are a feature peculiar to the ELIP. These high Os/Ir ratios suggest that the primary picritic melt could be contaminated by black shales, which are abundant beneath the ELIP, and characterized by extremely high Os/Ir, high concentrations of Os and Re.
3. The PGE depletion in basaltic magma can be attributed to Ni-Cu sulfide fractionation rather than olivine and clinopyroxene fractionation during differentiation.
